The purpose of this study was to determine the lactation performance of dairy cows fed dried or wet distillers grains (DG) with solubles (DDGS or WDGS) at 2 dietary concentrations. A trial using 15 cows was designed as a replicated 5 × 5 Latin square with periods of 4 wk each and data collected during wk 3 and 4 of each period. Diets, on a dry matter basis, were: control, 10% DDGS, 20% DDGS, 10% WDGS, and 20% WDGS. All diets contained 25% corn silage, 25% alfalfa hay, and 50% of the respective concentrate mixes. Dry matter intake (DMI) tended to be greater for cows fed control than DG (23.4, 22.8, 22.5, 23.0, and 21.9 kg/d for control, 10% DDGS, 20% DDGS, 10% WDGS, and 20% WDGS). Milk yield (39.8, 40.9, 42.5, 42.5, and 43.5 kg/d) was greater for cows fed DG than control. Milk fat percentage (3.23, 3.16, 3.28, 3.55, and 3.40%) was similar for cows fed control and DG, but greater for cows fed WDGS than DDGS. Milk fat yield was greater for cows fed DG than control and tended to be greater for cows fed WDGS than DDGS. Milk fat from cows fed DG, especially 20% DG, was more unsaturated and contained more cis-9, trans-11 conjugated linoleic acid than when fed the control diet. Milk protein percentage (3.05, 3.01, 3.02, 3.11, and 3.06%) was similar for cows fed control and DG but greater for cows fed WDGS than DDGS. Milk protein yield was greater for cows fed DG than control, tended to be greater for cows fed WDGS than DDGS, and tended to be greater for cows fed 20% DG than 10% DG. Milk urea nitrogen was similar for cows fed control and DG but greater for cows fed WDGS than DDGS and tended to be higher for cows fed 20% DG than 10% DG. Ruminal ammonia concentrations were greater for cows fed WDGS than DDGS. Overall, feeding DG improved feed efficiency (1.70, 1.79, 1.87, 1.84 
INTRODUCTION
When feeding distillers grains (DG) to dairy cattle there are several concerns, 2 of which are what form (wet or dried) to feed, and how much DG can be included in the ration. The form of DG with solubles, meaning wet DG with solubles (WDGS) or dried DG with solubles (DDGS) may affect animal performance when fed to lactating dairy cows because there is the possibility of heat damage during the drying of DDGS, and this may have effects on digestibility and use of nutrients (Powers et al., 1995) . When WDGS is fed, the greater concentration of water in diets may decrease DMI (Lahr et al., 1983; Hippen et al., 2003) . Several experiments (Nichols et al., 1998; Liu et al., 2000; Schingoethe, 2001) indicated that wet and dried DG can be effectively fed at 20% of ration DM; however, many nutritional consultants do not routinely recommend feeding that much. Wet DGS was well utilized at 31% of diet DM (Schingoethe et al., 1999 ) with a slight decrease in DMI. In other studies, the moisture content added to the diet by feeding WDGS at 30 or 40% of DM might have contributed to decreased DMI and milk production (Hippen et al., 2003; Kalscheur et al., 2004) . Gut fill was not a problem when diets contained more than 20% of DM as DDGS, but there was no advantage to feeding more than 25% of DM as DDGS . Most studies have fed only WDGS or DDGS and often at only one concentration of the ration. Only one study was found, with lactating cows that compared the feeding of wet and dried DG (Al-Suwaiegh et al., 2002) , although WDGS and DDGS have been compared in diets of growing ruminants (Ham et al., 1994) . When fed at 15% of ration DM, both wet and dried DG supported similar milk production, composition, and DMI (Al-Suwaiegh et al., 2002) . With this previous research in mind, the objective of this study was to evaluate and compare the use of WDGS and DDGS at 2 concentrations (10 and 20% of ration DM) in the diets of lactating dairy cows based on milk yield, composition, and feed intake. 
MATERIALS AND METHODS
Ten multiparous and 5 primiparous Holstein cows, averaging 73 (± 26) DIM, were used in an experiment to evaluate both WDGS and DDGS fed at 2 diet concentrations. Cows were assigned to 1 of 5 experimental diets in a replicated 5 × 5 Latin square design. Cows were blocked by parity, production, and DIM, and assigned to treatment diets at random. Cows were housed in a free-stall barn and fed diets as a TMR with a Calan Broadbent feeder door system (American Calan, Inc., Northwood, NH). Diets were fed once daily (0800 h) in amounts to allow for ad libitum consumption and animals were allowed access to feed at all times, except during milking. Cows were milked 3 times daily at 0600, 1400, and 2100 h, and daily milk production was recorded. Before the start of the study, there was a 10-d adaptation period for cows to adjust to the Calan feeding system followed by the 5 feeding periods. Each period was 4 wk long; the first 2 wk were for adjustment to treatment diets, and wk 3 and 4 for data collection. Animal care and use was according to a protocol approved by the South Dakota State University Institutional Animal Care and Use Committee.
The 5 treatment diets were: control, 10% dried distillers grains (10% DDGS), 20% dried distillers grains (20% DDGS), 10% wet distillers grains (10% WDGS), and 20% wet distillers grains (20% WDGS). Both forms of distillers grains contained solubles, and were purchased from the same vendor to ensure similarity of composition. Diets (see Tables 1 and 2 ) were formulated to contain 17% CP using corn and soybean meal as the base of the concentrate mix, with DG replacing a portion Journal of Dairy Science Vol. 89 No. 8, 2006 of these ingredients in the 10 and 20% treatment diets. Diets were formulated to meet or exceed the requirements for a mature, lactating Holstein cow, of 680 kg BW, at 90 DIM, and producing 47 kg of milk, according to the 2001 dairy NRC. However, RUP was slightly less and NFC was slightly more than recommended. When formulating it was assumed that the 2 distillers grains were the same except for DM, in an effort to minimize differences between ingredients in the base diets and to ensure that a direct comparison of the 2 DG was being made. The average of the components of the 2 DG from analysis given by the manufacturer was used for formulation. All diets contained 25% alfalfa hay and 25% corn silage. Forages were premixed in a mixer wagon. The concentrate mix was added to the Calan Data Ranger (American Calan, Inc.) after addition of the premixed forages. The DDGS were mixed into concentrate mixes at the South Dakota State University Feed Mill. For WDGS diets, the portion of WDGS was mixed into the TMR with other ingredients using the Data Ranger. Therefore, the control TMR, 10% DDGS TMR, and 20% DDGS TMR contained 50% respective concentrate mixes and 50% forage mix, the 10% WDGS TMR contained 10% WDGS, 40% concentrate mix, and 50% forage mix, and the 20% WDGS TMR contained 20% WDGS, 30% concentrate mix, and 50% forage mix as percentages of DM.
Feed intake for individual cows was measured daily using the Calan Broadbent feeder door system and Data Ranger. Samples of corn silage, hay, each concentrate mix, WDGS, and each TMR were collected on d 5 of each week of the experiment and stored at −20°C until analysis. Dry matter concentrations of WDGS and corn silage were determined weekly by heating samples for 48 h in 105°C oven. Diets were then adjusted to ensure proper inclusion of components. Weekly, samples of the diet TMR were dried at 105°C DM for 48 h, and used to calculate DMI. Composites were made by period for all feeds sampled and dried for 48 h at 55°C in a Despatch oven (style V-23, Despatch Oven Co., Minneapolis, MN). Composites were then ground to a 4-mm particle size (Wiley mill, model 3; Arthur H. Thomas Co., Philadelphia, PA), and ground further to a 1-mm particle size using an ultracentrifuge mill (Brinkman Instruments Co., Westbury, NY). All feed samples were analyzed for DM, ash, NDF, ADF, lignin, and CP. Dry matter was determined by taking approximately 1 g of ground sample and drying at 105°C for 24 h. Ash was determined by heating samples in a muffle furnace at 450°C for 8 h (Understander et al., 1993) . The NDF (Van Soest et al., 1991) , ADF (Robertson and Van Soest, 1981) , and acid detergent lignin (Lowry et al., 1994) concentrations were determined using the Ankom fiber analysis system (Ankom Technology Corp., Fairport, NY). Alpha-amylase and sodium sulfite were use for the NDF procedure; NDF and ADF were not corrected for ash. Crude protein was determined using the Kjeldahl procedures as described in AOAC (1995 for analysis of minerals (AOAC, 1995; methods 965.09 and 985.01) with spectroscopic method and Corning 926 Direct Reading Chloride/Salt Analyzer and ether extracts (AOAC, 1995; method 920.39) using the Soxtec 2047 Soxcap in combination with Soxtec extraction systems. Feed fatty acids were prepared as butyl esters in an adapted method of that described by Sukhija and Palmquist (1988) for analysis using gas chromatography (model 6890, Hewlett-Packard, Palo Alto, CA). Using an adaptation of methods described by Loor et al., (2005) samples were analyzed using a flame-ionization detector. The injector port was at 230°C with a split ratio of 20:1. The column was 100 m, with an i.d. of 0.25 mm (CP-Sil 88, Varian, Lake Forest, CA). Flow rate was 2.0 mL/min of helium. Initial temperature was 50°C held for 1 min, then raised to 145°C at a rate of 5°C/min, and held for 30 min. Temperature was then raised 10°C/min to 190°C, and held for 30 min. Finally, the temperature was raised 5°C/min to 210°C, and held for 35 min. The total run per sample was 123.5 min.
Milk samples were collected at all 3 milking times on 2 consecutive days at the end of wk 3 and 4 of each period. Composites of milk samples were made by day on a weight basis and sent to Heart of America DHI Laboratory (Manhattan, KS) for analysis. Milk compositional analysis was conducted according to approved procedures of AOAC (1995) . Milk true protein, fat, and lactose were determined using near infrared spectros-copy (Bentley 2000 Infrared Milk Analyzer, Bentley Instruments, Chaska, MN). Concentration of MUN was determined using chemical methodology based on a modified Berthelot reaction (ChemSpec 150 Analyzer, Bentley Instruments), and somatic cells were counted using a flow cytometer laser (Somacount 500, Bentley Instruments). Energy-corrected milk was determined using the equation: [(0.327 × kg milk) + (12.95 × kg fat) + (7.2 × kg protein)] (Orth, 1992) . Also, composites from 1 d of wk 4 milk samples were prepared for analysis of milk fatty acid composition using the same procedure as the one used for analysis of feed fatty acids, which was previously described.
Body weights were measured 3 d at the beginning of the trial and on the last 3 d of each period. Body condition scores (Wildman et al., 1982) were recorded independently by 3 individuals at the start of the trial and at end of each period.
Rumen fluid samples were taken via an esophageal tube on 2 d approximately 2 to 3 h postfeeding in wk 4 of each period. The first 200 mL expelled from the pump was discarded to minimize contamination by saliva. Ten-milliliter aliquots of rumen fluid were placed immediately in storage tubes and acidified with 2 mL of 25% (wt/vol) meta-phosphoric acid. Rumen fluid samples were frozen at −20°C until analysis for ammonia nitrogen concentration (Chaney and Marbach, 1962) , and VFA by GLC (model 6890, Hewlett-Packard) using a flame-ionization detector (Ottenstein and Bartley, 1971) . The injector port was at 250°C with a split ratio of 100:1 with the column described. The column was 15 m in length and 0.25 mm in diameter (Supelco, Inc., Bellefonte, PA). Flow rate was 1.3 mL/min of helium. Detector and column temperatures were maintained at 225 and 130°C, respectively.
Period means were determined for all production measurements used for statistical analysis. Statistics were conducted using the MIXED procedure of SAS (SAS Institute, 1999 ). The experimental model used cow as the experimental unit, and cow (parity) as the random variable. The model included treatment, parity, period, and interactions for treatment by parity, treatment by period, parity by period, and treatment by parity by period. Interactions that were deemed insignificant were removed from the model. Significance was declared at P < 0.05, and tendency was indicated at P < 0.1. Orthogonal contrasts were made, based upon experimental objectives, as: 1) control vs. all DG diets, 2) DDGS diets vs. WDGS diets, 3) the 10% concentrations of DG vs. the 20% concentrations of DG, and 4) interaction of form (wet or dry) and concentration.
RESULTS AND DISCUSSION
Analysis of DG samples (Table 3) showed that WDGS contained more CP, fiber, and fat than DDGS, whereas mineral content was similar for the 2 DG. These differences were reflected in overall diet compositions (Table  4) . As previously mentioned, original formulations assumed that both DG were similar except for percentage of DM. As expected, this difference was reflected in the DM content of DDGS and WDGS diets; DM contents of DDGS diets were similar to that of the control, whereas WDGS diets decreased in DM as WDGS inclusion rate increased. The WDGS diets were slightly higher in CP compared with DDGS diets. The 20% DG diets had greater concentrations of CP and NDF compared with the 10% DG diets. As expected, the DG diets contained greater concentrations of fiber and fat than the control diet. The 10% WDGS diet had a greater concentration of calcium compared with other diets, which is difficult to explain; however; it was not much greater than what the diet was formulated. None of these differences seemed to affect production. The components analyzed for were in the range of the recommended levels of the Dairy NRC (2001). Fatty acid profiles (Table 5) were similar for the 2 DGS. The diets showed some differences depending on the concentration of DGS included. Most notably, the 20% DG diets had higher concentrations of cis-9 C18:1 and C18:2 than the diets that contained 10% DG.
No treatment by parity effects were found, indicating that primiparous and multiparous cows responded similarly to these diets. As expected, primiparous cows had less DMI, SCC, feed efficiency, BW, and a tendency for lower yields of milk, ECM, and lactose.
There was a tendency (P < 0.10) for cows fed the control diet to consume more than cows fed DG diets (Table 6) . No other significant differences were found for DMI with the other contrasts, but, numerically, cows fed 20% WDGS consumed the least. The tendency for decreased intake by cows fed DG compared with control diet was consistent with some studies (Palmquist and Conrad, 1982; Schingoethe et al., 1999) , but most studies (Nichols et al., 1998; Liu et al., 2000; Leonardi et al., 2005) showed no differences in DMI. Decreased intake may be expected in some cases when there is a high inclusion of WDGS because of the high water content of the diet. When diet DM content decreases below 50%, gut fill may limit DMI, especially with water in combination with fermented feeds (Lahr et al., 1983 ). This did not appear to be a significant problem in this study, probably attributable to the DM content of forage portion of the diets, although the 20% WDGS diet was less than 50% DM. Hippen et al. (2003) observed decreased DMI and milk production when cows were fed 30% or more of the ration DM as WDGS; such diets contained less than 50% DM.
Milk production (Table 6 ) was greater in cows fed DG diets compared with those fed the control diet. This Results of analysis of sample composites from whole trial.
finding is consistent with previous research (Owen and Larson, 1991; Powers et al., 1995; Nichols et al., 1998) . There were no differences in milk yield for other contrasts. Lack of differences in milk yields between DDGS-and WDGS-fed cows agreed with previous research by Al-Suwaiegh et al. (2002) . No differences in milk yields between cows fed 10 and 20% DG were expected because DG has been shown to usually decrease DMI and milk yield only when fed in excess of 20% of total DM (Hippen et al., 2003 Kalscheur et al., 2004) . Milk fat percentages (Table 6) were similar for control and DG diets but greater from cows fed WDGS diets compared with cows fed DDGS diets. This may reflect slightly greater available fiber content in WDGS; however, Al-Suwaiegh et al. (2002) saw no differences. There was a tendency (P < 0.09) for an interaction of form and DGS concentration, meaning that milk from cows fed 10% DDGS diets tended to have lower milk fat percentages than milk from cows fed 20% DDGS, whereas the opposite was true for WDGS-fed cows. Milk fat yields were greater (P < 0.04) for cows fed DG diets than for cows fed control diets. This difference was similar to differences in milk yield. Milk fatty acid profiles (Table 7) varied between treatments. Milk fat from cows fed the control diet had Table 6 . Dry matter intake, milk yield and composition, efficiency calculations, and body characteristics for cows fed control diet, and diets containing 10% dried distillers grains with solubles (DDGS), 20% DDGS, 10% wet distillers grains with solubles (WDGS), and 20% WDGS (Orth, 1992) . greater (P < 0.01) concentrations of C10:0, C12:0, C14:0, C16:0, and a tendency (P < 0.06) for more C16:1 than milk from cows fed DG. However, cows fed the control diet also had decreased (P < 0.01) concentrations of C18:0, trans-9 C18:1, trans-11 C18:1, cis-9 C18:1, C18:2, C20:0, and both conjugated linoleic acids (CLA). The differences in the concentrations of these fatty acids are reflected in differences between the summa- tions of medium, long, saturated, and unsaturated fatty acids. Relative to the control, feeding DG did not significantly increase trans-10 C18:1, contrary to the observation of Leonardi et al. (2005) , but increased trans-11 C18:1 and cis-9, trans-11 CLA, as they observed. There were very few differences in milk fatty acids between cows fed diets with DDGS or WDGS. Milk from cows fed WDGS had lower concentrations (P < 0.04) of C10:0, C18:2, cis-9, trans-11 CLA, and tended (P < 0.08) to have lower trans-6 C18:1, compared with cows fed diets containing DDGS. Concentrations of DG in the diet had many affects on milk fatty acid composition. Milk from cows fed 10% DG had greater (P < 0.01) concentrations of C10:0, C12:0, C14:0, C16:0, n-3 C18:3, and a tendency (P < 0.08) for more C8:0, than milk from cows fed 20% DG diets. However, milk from cows fed 20% DG diet had greater (P < 0.02) concentrations of C18:0, most of the C18:1 isomers, and both CLA, and a tendency (P < 0.10) for more C20:0. These differences are also reflected in the differences of the sums of short, medium, long, saturated, and unsaturated fatty acids. The differences could be attributed to the increased C18:2 and cis-9 C18:1 and decreased C16:0 in the diets (Table 5 ). There were 2 significant (P < 0.02) interactions of form and concentration of DG in the diets; C18:2 and cis-9, trans-11 CLA were less different between cows fed 10 vs. 20% WDGS compared with the cows fed 10 vs. 20% DDGS. These 2 interactions led to a significant (P < 0.01) interaction of the sum of polyunsaturated fatty acids. The differences in fatty acid profiles between the 20% WDGS and control diet agreed with a previous study by Schingoethe et al. (1999) , which compared feeding 30% WDGS to replace soybean meal and half the corn in the concentrate mix. However, the C18:1 isomers and CLA were not reported in that study so those results can not be compared. However, differences in C18:1 isomers and cis-9, trans-11 CLA concentrations agreed with most of the differences found between cows fed 0% DG diets and 10% DG diets in a study by Leonardi et al. (2005) .
Milk protein percentages (Table 6) were similar for control and DG diets but greater (P < 0.05) when cows were fed WDGS diets compared with DDGS diets. Milk protein yield was greater (P < 0.01) for the DG cows compared with control cows, was greater when cows were fed WDGS vs. DDGS, and tended (P < 0.08) to be greater for cows fed 20 vs. 10% DG. For MUN, there was an interaction of form and inclusion rate; with 20% WDGS fed cows having the greatest MUN and the 20% DDGS fed cows the least. The MUN concentrations may also indicate that none of the diets contained an excess or a deficiency of protein.
No differences were found in milk lactose percentage (Table 6) , and variation in lactose yield can be attributed to differences in milk yields. Somatic cell counts were within the normal range, indicating no major problems with mastitis and no differences among treatments were detected.
Yields of ECM (Table 6) were greater for cows fed DG compared with cows fed the control diet, but there were no differences for ECM among DG diets. Feed efficiency, expressed as ECM divided by DMI, increased when cows were fed DG diets. This reflected slightly greater DMI of the control diet and greater ECM for cows fed DG diets. Feed efficiency was similar for WDGS and DDGS diets, but there was a trend (P < 0.06) for greater efficiency when cows were fed 20% DG diets. There were no significant treatment effects on BCS or BW (Table 6 ). The average BW was around 653 kg and the average BCS was 3.3 for all treatments.
Analysis of rumen content samples (Table 8 ) helped explain some of the production results. Concentrations of NH 3 -N were less than observed in other research with DG (Nichols et al., 1998; Schingoethe et al., 1999; Liu et al., 2000) possibly because of sampling technique. Sampling rumen fluid via esophageal tube is less precise than sampling through a fistula, but differences between treatments can still be observed. Animals were fed ad libitum, and feed was available at all times; thus, these samples were meant to be a quick view of the ruminal fermentation. The time was chosen because animals tend to eat a larger meal after being given fresh feed, and samples were meant to be taken at peak of carbohydrate fermentation. Because the NDF in DG replaced starch in the control, it is possible that VFA proportions may be influenced by diet.
Ammonia nitrogen concentrations tended (P < 0.08) to be greater in cows fed control vs. DG diets. This may be because of the greater portion of soybean meal protein in the control diet, which is more degradable in the rumen than protein in DG (Firkins et al., 1984; Schingoethe et al., 1999; Kleinschmit et al., 2005) . Ruminal ammonia concentrations were greater in cows fed WDGS than in cows fed DDGS, especially the 20% WDGS diet. Cows fed the 20% DDGS diet had the lowest ruminal ammonia concentrations (significantly less than cows fed 10% DDGS). This was probably because of the greater concentration of RUP in DDGS, as found in a companion study by Kleinschmit et al. (2005) in which DG sources "E" and "W" were the same DDGS and WDGS, respectively, as used in this trial. The cows fed 10% WDGS had lower ammonia concentrations than the cows fed the 20% WDGS diet, which had the greatest concentration. This may reflect a greater degradability, but less use for microbial protein synthesis, perhaps because a portion of the ground corn was replaced by WDGS. Thus, with 20% WDGS diets, there may not have been enough readily fermentable carbohydrates to match degradation of protein, and this led to greater ammonia concentrations. Variations in rumen ammonia corresponded with the MUN variations discussed.
Total VFA concentrations were similar for all diets in agreement with Al-Suwaiegh et al. (2002) ; however, some studies found total VFA concentrations to be less when cows are fed diets containing DG (Nichols et al., 1998; Schingoethe et al., 1999) . Acetate concentrations were similar among cows fed control and DG, and in cows fed 10 vs. 20% DG diets. Nichols et al. (1998) found that acetate concentrations were greater and Schingoethe et al. (1999) found that acetate tended (P < 0.1) to be greater when cows were fed diets containing DG compared with soybean meal. Unlike the study conducted by Al-Suwaiegh et al. (2002) , molar percentages of acetate were greater in cows fed WDGS diets compared with cows fed the DDGS diets. Greater acetate proportion when cows were fed WDGS diets may have resulted from greater degradability of NDF in the WDGS (Kleinschmit et al., 2005) ; however, differences were numerically small, so the biological significance of these differences was questionable. In agreement with Al-Suwaiegh et al. (2002) , there were no differences among treatments for propionate concentrations; however, there was a trend (P < 0.11) for cows fed the control diet to have slightly greater acetate to propionate ratio than cows fed DG diets, and there were no differences due to DG concentration or form. Nichols et al. (1998) found that propionate tended (P < 0.1) to be less and Schingoethe et al. (1999) found it was less in cows fed DG compared with soybean meal. Nichols et al. (1998) found a similar trend in acetate to propionate ratio as in this study. Butyrate concentrations were greater in cows fed the DDGS diets compared with cows fed WDGS diet, in an inverse ratio to acetate. This result contrasted results of Al-Suwaiegh et al. (2002) , who found no differences between VFA compositions for cows fed diets containing DDGS vs. WDGS. There were some differences and trends between treatments for isovalerate and valerate concentration; however, overall numbers were so close that biological significance of any of these differences was questionable.
CONCLUSIONS
Based upon the findings of this research, both DDGS and WDGS can replace a portion of the ground corn and soybean meal commonly fed to dairy cattle and maintain or enhance lactational performance. Cows fed DG had greater feed efficiency and milk yield, and maintained milk component concentrations, with increased yields of milk components. When comparing lactation performance of cows fed diets containing DDGS or WDGS, there were greater concentrations of milk fat, protein, and MUN in milk from cows fed WDGS. There were no significant production differences between cows fed 10% DG and 20% DG, except for the composition of the milk fatty acid profile. In conclusion, either WDGS or DDGS can be used to feed dairy cows at 10% or 20% of diet DM with similar production. However, there is an advantage to feeding WDGS because of the increases in milk fat and protein.
